This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. Abstract Background: The optimal standard reconstruction procedure after distal gastrectomy is controversial. No large-scale persuasive clinical studies from long-term perspectives on this topic have yet been conducted. Study design: This retrospective multicenter study analyzed a database of 2510 consecutive patients with clinical stage I gastric cancer who underwent distal gastrectomy followed by Billroth-I (B-I) or Roux-en-Y (R-Y) anastomosis from 2006 to 2012.
| INTRODUC TI ON
According to surveillance data from the World Health Organization, 1 approximately 1 million new cases of gastric cancer occurred worldwide in 2018, half of which were in East Asia. However, this disease is extremely important not only in East Asia but also globally; it has the sixth highest incidence and is the fourth leading cause of cancer deaths worldwide. 2 Early detection by screening, radical surgery with D2 lymph node dissection, and appropriate perioperative chemotherapy have improved its prognosis; 2 however, surgical resection still plays the most pivotal role in treatment.
Maintenance of patients' quality of life as well as safety in the perioperative period should be carefully considered during reconstruction after stomach resection. The optimal reconstruction procedure after distal gastrectomy (DG) has been long debated, but a sufficient consensus has not yet been established; thus, decisions are likely to be made according to surgeons' preferences. Billroth-I (B-I) and Roux-en-Y (R-Y) are commonly performed after DG in the clinical setting. 3 Some surgeons consider B-I the first choice because of its technical simplicity and the physiological passage of food through the duodenum. Many of these surgeons switch to R-Y only when the remnant stomach has shrunk due to extended resection. In contrast, other surgeons insist on the superiority of R-Y, 4 especially in terms of its lower risk of bile reflux into the remnant stomach, 5 and try to perform it in almost all cases. Billroth-II is not generally preferred in Japan 3 because of concerns regarding the high incidence of postoperative bile reflux to the remnant stomach and its presumed carcinogenetic effect; therefore, Billroth-II tends to be performed only in elderly patients.
Several retrospective studies [6] [7] [8] [9] and prospective studies with small to medium sample sizes have compared B-I and R-Y. [10] [11] [12] [13] [14] However, fundamentally, most such studies have limitations due the influence of selection bias. In addition, there are no relevant data from the perspective of long-term nutritional conditions. To overcome these problems, we conducted a large-scale cohort study using rigorous propensity score matching 15 to evaluate the hypothesis that similar long-term nutritional conditions would be observed following B-I and R-Y reconstruction after DG.
| ME THODS

| Cohort development
This retrospective multicenter study analyzed the data of 2510 consecutive patients who underwent DG for clinical stage I (T1N0, T2N0, or T1N1) gastric cancer, either by laparotomy or laparoscopy, from 2006 to 2012 at three major cancer centers in Japan. During this period, the reconstruction method after DG was determined based on the surgeon's preference or decision.
The exclusion criteria in this study were the presence of another primary malignant disease and a history of chemotherapy or chemoradiotherapy before surgery. Surgeons from each hospital provided the specified preoperative, operative, and postoperative data using a common database. The study protocol was approved by the institutional review board at each participating institution, and the study was conducted in accordance with the Declaration of Helsinki and the National Guidelines.
| Study design and propensity score matching
In a consensus meeting involving surgeons and biostatisticians, preoperative information that might possibly influence surgeons' decision making concerning procedures or be potentially associated with the outcomes were identified in order to enable the rigorous estimation of propensity scores. Ultimately, 30 factors that should be adjusted for during comparisons were identified as follows: age, 
| Follow-up and outcomes
| Statistical analyses
The categorical variables were compared by the χ 2 test. Chronological changes in the nutrition parameters were examined using the Wilcoxon test. The cumulative overall survival rates were estimated by the Kaplan-Meier method, and differences were determined using the log-rank test. All statistical analyses were performed using the JMP software program, version 12 (SAS Institute) and were two-sided.
A P-value of <0.05 was considered to indicate statistical significance.
| RE SULTS
| Patients
After propensity score matching, 940 patients (470 each for B-I and R-Y) were included in the final analysis. The patient and tumor characteristics both before (n = 2510) and after (n = 940) matching are shown in Table 1 . The background characteristics in both patient groups were rigorously adjusted in matched patients. Five hundred and five patients (53.7%) underwent laparoscopic gastrectomy.
| Operative and pathological outcomes
The operative and pathological findings are shown in Table 2 . 
| Long-term trends in body weight and other nutritional status items
Changes in the four nutritional parameters are shown in Figure 1 .
Statistically significant differences were recognized between the B-I and R-Y groups only in the serum level of total protein at 1 year (100.12% vs 102.12%, respectively; P = .0001) and 3 years (100.32% vs 101.73%, respectively; P = .01) after surgery.
| Endoscopic findings
Postoperative endoscopic findings of the remnant stomach were available in 58% of patients who underwent B-I and 50% of those who underwent R-Y. The grades of endoscopic findings in each group are shown in Table 3 . Bile juice reflux was more common in the B-I group than in the R-Y group (P < .001). The incidence and severity of gastritis and food residue in the remnant stomach were inconsistent. The incidence in the B-I group was greater than that in the R-Y group; however, patients with grade 3/4 food residue or grade 2 gastritis were remarkably common in the R-Y group.
| Long-term survival outcomes
The 5-year overall survival rate was 92.6% in the B-I group and 91.8%
in the R-Y group, with no significant difference (P = .379, log-rank test).
| Postoperative complications and readmission
Postoperative complications (within 60 days after surgery) are shown in Table 4 . Wound infection and acalculous cholecystitis/ in the R-Y group. The incidence and reasons for readmission after discharge are shown in Table 5 . The readmission rate was higher in the R-Y group than in the B-I group (2.55% vs 5.53%, respectively; P = .0204). Three internal hernias (0.64%) were recorded in the R-Y group.
| Gallstone formation after surgery
Postoperative gallstone formation was observed in five (3.8%) cases in the B-I group and five (3.4%) cases in the R-Y group; the difference was not statistically significant (P = 1.00).
| D ISCUSS I ON
When suitably employed, propensity score matching can adjust for biases that arise from confounding variables. 15 In the current study, the tumor and patient characteristics, as well as the surgeons' preferences, were strictly balanced between the two groups with large numbers of patients; thus, we may expect the scientific reliability of our approach to be comparable to that of large-scale randomized trials. In addition, the current study included the largest number of patients ever reported regarding this issue.
The current study verified the technical complexity of R-Y compared with B-I, showing a longer operation time and greater blood loss, as has been reported in previous articles. 7, 9, 10, 12 However, there was no obvious difference in the severe morbid- Delayed gastric emptying, known as Roux stasis, is a specific complication of R-Y. 4 It is thought to be caused by the destruction of the natural pacemaker of the small intestine or a bent limb in the early postoperative period. In the current study, the incidence of postoperative stasis was not markedly different between the groups, either as a postoperative complication or as a reason for between the two groups. This finding may imply a transient influence of the loss of food passage to the duodenum. The incidence of gallstone formation reportedly ranged from 1.8% to 29.0% in previous reports 6 and seems to be strongly affected by the extent of lymph node dissection. In the current study, this incidence was less than 4% in both procedures. This may be explained by the fact that this study enrolled only patients with stage I cancer with limited lymph node dissection and with preservation of the vagus nerve; in such situations, there will be no marked difference between the two procedures.
Food residue and remnant gastritis at the time of endoscopic examination have been suggested as objective parameters that can be used to assess the effectiveness of reconstruction procedures after DG. As expected, in the current study, we found a lower incidence of remnant gastritis and bile reflux in the R-Y group than in the B-I group at the time of the endoscopic examination.
Some researchers have hypothesized that bile acid and pancreatic proteolytic enzymes will damage the gastric mucosa, resulting in inflammation or, hypothetically, cancer promotion 5 ; thus, these findings may represent drawbacks of B-I. Experimental studies have also proposed this hypothesis, but an article from Italy reported no marked difference in bile reflux between reconstruction methods. 22 In the current study, the incidence of bile reflux in B-I was within 10%, and, at present, it is difficult to say whether B-I is associated with an increased possibility of remnant gastric cancer.
An observation period of at least 10 years may be necessary to compare the incidence of gastric stump cancer. 
TA B L E 4 Postoperative complications
TA B L E 5 Readmission incidence and reasons
Food residue was also less commonly observed in the R-Y group than in the B-I group. Notably, however, these endoscopic findings are not always linked to a patient's symptoms or quality of life. Takiguchi 
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